We introduce spatial 3D imaging by using full analytical triangular-based holographic computations. The CGH can avoid the depth-of-field limitation. Both simulation and experimental results show the reconstruction are of high performance, with surface texture and wide viewing angle. Thanks to GPU, our method may be employed to achieve holographic display in real time.
Introduction
Computer generated holograms (CGHs) is one of the promising technologies of 3D display. It can use the digital 3D data stored in computer to produce wavefronts, and create the most accurate depth cues of 3D objects. However, time consuming is the most important factor that limit the development of holographic encoding. Researchers used special purpose hardware to accelerate the computation [1, 2] . On the other hand, some researchers have developed fast algorithms based on treating the objects as combination of spatial planar segments using fastFourier-transform (FFT) (see e.g. Ref. [3] [4] [5] . Recently, we developed a novel algorithm to dramatically decrease the computation time [6] .
In this paper, I will introduce you the algorithm and extend it more practicable with the help of a set of diffused triangle tiling. Our algorithm bases on an analytical formula, which describes the diffraction field distributions of the 3D scene. Our approach can get rid of the short depth-of-field limitation because FFT is no need at all. The 3D object with smooth reconstructed surface can be accomplished. The algorithm is implemented on GPU using CUDA technique [7] , and performs hundreds of times faster than those on CPU. The extension method has an advantage that the viewing angle is enlarged. We show both simulation and experimental results to demonstrate the analytical CGH encoding algorithm.
Methods
3D models are usually represented by polygons, such as triangles. 
H H x y as the hologram coordinate system. Because the scene usually contains numbers of triangles and each triangle is small, the linear scale of each triangle is always much less than the distance between the mass center of triangle and the hologram plane. It yields, Another way is used a diffused triangle tiling. In the triangle tiling method, we first calculate the analytical Fourier spectrum of the triangle A, and then do for the triangles (B, C, …, G, …) in the big triangular Γ by using the rotation and phaseshifting of Fourier spectrum. So the spectrum of the triangle Γ is the linear superposition of that of each tiled triangle. With similar procedure, we can finally obtain the Fourier spectrum of the biggest triangle Π ((-10,-5),(10,5),(0,5)). In the calculation, we let each small triangle have a different random phase. It is equivalent that the Fourier transform of a diffused "basic" triangle (here is Π) can be analytically achieved. The triangle tiling method can enlarge the viewing angle so that our algorithm becomes more practical to use. So far, we can compute the diffraction field of an arbitrary tilted triangle analytically. This is a very important result, as it allows us to generate the hologram directly pixel by pixel without FFT that will limit the depth-of-field because of the Whittaker-Shannon sampling restriction [12] . 
Results

GPU Parallel Algorithm
A GPU parallel algorithm is used to accelerate the computation in an inexpensive way. We adopt the CUDA compiler as a programming environment developed by NVIDIA. Data communication is an important problem in parallel calculation.
Since we obtain a full analytical expression, each sampling points on the hologram can be calculated individually. It indicates that we can suppress the time of data communication furthest. Fig. 2 shows the calculation time in CPU and GPU algorithm. When the number of triangles is small, the inherent transmission cost most of the time but CUDA algorithm is one hundred times faster than that of serial CPU algorithm. When the number of triangles becomes huge, the accelerated effect by CUDA is more significant. 
Occlusion
The true-life scene usually contains more than one object. The occlusion is important and troublesome. Here we use a simple geometric-like occlusion method. Each triangle is projected on the hologram plane and sorted by the distance of each triangle's mass center. For nowadays the bandwidth of SLM is narrow, this method is quite well for our situation. Figure 3 is the numerical reconstruction for proving the algorithm. Three views of the reconstruction to demonstrate the enhancement on shading and occlusion. The occlusion effects between chesses cause a strong depth sensation. For instance, the king in front appears to be on the right side of the right bishop in Fig. 3(a) ; when the scene rotates a slight angle, the king comes to the left side of the right bishop [ Fig. 3(b) ]; when it rotates more, the king becomes to shield the back pawn [ Fig. 3(c) ]. It demonstrates our occlusion methods works quite well. In-focus/out-of-focus effect and surface texture Figure 4 shows a 3D scene consisting of two teapots, with the size of 45*25 mm. The hologram is calculated by our proposed analytical method with the diffused triangle tiling. 
IMPACT & CONCLUSION
An analytical algorithm for fast generating hologram of 3D real scenes is proposed. In this method, each sample point for the object wave diffraction field across the hologram plane can be exactly calculated. Hence, it can free from the distance limitation caused by FFT that is usually used previously. We employ the GPU to accelerate the calculation and obtain several hundred times faster than the serial algorithm based on CPU. Both simulation and experimental results have well demonstrated our analytical algorithm. Our method may be a potential way to achieve holographic display in real time.
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